There are various quality indicators commonly employed in cast iron foundry practice, such as the carbon equivalent, CE, which is a function of the chemical composition. From the theoretical analysis given in part I of this work, it is apparent that the quality of the liquid cast iron can also be determined from the nucleation coefficients N s and b. The magnitudes of the N s and b coefficients can be estimated as fitting parameters in Eq. (1), Part I. In this case, the maximum degree of undercooling at the onset of the graphite eutectic solidification, DT m has to be experimentally measured using thermal analysis, and the eutectic cell N, or nodule N n count determined from quantitative metallography.
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(Received on July 25, 2006 ; accepted on November 6, 2006 ) In this work the predictions of a proposed theoretical analysis aimed at elucidating eutectic cell counts, N in gray iron cast and nodule counts, N n in ductile iron were experimentally verified. The work was focused on processing flake graphite and ductile cast iron under various inoculation conditions in order to achieve various physicochemical states in the experimental melts. In addition, plates of various wall thicknesses were cast and the resultant eutectic cell N and nodule N n count were established. Moreover, thermal analysis was employed for determinations of the maximum degree of graphite eutectic undercooling, DT m . A comparison was made between the theoretical predictions and the experimental determinations of eutectic cells, N, nodule counts, N n and DT m . It was found that N and N n can be related to the casting modulus, M and as a consequence to the wall thickness, s in plate shaped castings. In particular, the outcome of this work indicates that the predictions of the theoretical analysis are in good agreement with the experimental outcome.
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© 2007 ISIJ Table 1 . Data on material mold ability to absorb heat. [1] [2] [3] into plate shaped molds of sϭ6; sϭ10; sϭ16; sϭ22 and sϭ30 mm in thickness. In the plates with 6, 10 and 16 mm in thickness, the length and height were 100 mm, while it was 140 mm for all the remaining plates. In all of the cases, the plates had a common gating system. Table 2 gives the chemical composition of the experimental cast irons.
The foundry molds were prepared using conventional molding sand. In addition, they were instrumented with Pt/PtRh10 thermocouples enclosed in quartz sleeves of 1.6 mm in diameter for plates of 6 and 10 mm in thickness, and of 3 mm in diameter for plates of other thicknesses. The thermocouple tips were located in the geometrical center of each mold cavity normal to the heat transfer flow to improve the measurement accuracy. An Agilent 34970A electronic module was employed for numerical temperature recording. Figure 1(a) shows some typical cooling curves. These curves were then used for determinations of the initial metal temperature, T i just after filling of mold, and of the minimal temperature, T m at the onset of eutectic solidification. The maximum undercooling at the onset of eutectic solidification in the individual plates was established from After solidification, specimens for metallographic examination were taken from the geometrical centers of the plates. Metallographic examinations were made on polished and etched (Stead reagent) specimens to reveal the graphite eutectic cell boundaries. (3) where N i is the number of eutectic cells inside S, N w is the number of eutectic cells that intersect the sides of S but not their corners and F is the surface area of S.
Assuming that the spatial grain configurations follow the so-called Poisson-Voronoi model, 10) Table 3 gives the experimental outcome on N F , s, times after inoculation and DT m for the eutectic transformation at the onset of solidification.
Nodular Cast Iron
Test melts were made in an electric induction furnace of 8 000 kg capacity. The raw materials employed were pig iron, nodular scrap and commercially pure silicon. After melting and preheating at 1 485°C, cast iron was poured into a casting ladle where it was spheroidized using the cored wired injection method. Different inoculants in various amounts were used ( Table 4 ). The aim of using different inoculants and inoculation processes was to induce different maximum undercoolings. The chemical composition of the nodular iron is given in Table 5 . Nodular cast iron was poured into similar molds as for gray cast iron. Also, the experimental methods used in determining the cooling curves and in sample preparation for metallography were similar as for flake graphite cast iron. Metallographic evaluations of nodule count N n,F (per unit area) were made on samples cut from the plates geometrical centers. Figure 2 (b) shows a typical nodule structure found in melt 6. The area nodule count (average value from 5 measurements), N n,F was measured using a Leica QW quantitative analyser. In ductile iron the graphite nodules are characterized by Raleigh distributions 11) so the volumetric nodule count, N n can be related to the planar nodule count N n,F using the Wiencek equation (5) where f gr is the volume fraction of graphite at room temperature ( f gr ϭ0.11-0.14). Table 6 shows the experimental results for DT m and of N n,F in melts 1-7.
Results and Discussion

Maximum Degree of Undercooling D DT m
The theoretical analysis of the solidification process in cast iron is given in part I of this work. Accordingly, Eqs. Table 3 . Wall thickness, cell count and maximum undercooling. Table 4 . Metallurgical treatment including spheroidizers and inoculants. Estimations were made using thermophysical data ( Table 1 , part I), Eqs. (4)- (7) and (12) and the experimental outcome of this work on N F and N n,F (Tables 3 and 6) , and the results plotted in Fig. 3 . In particular, the solid line corresponds to cast iron of average chemical composition (Tables 2 and 5) , and average T s values. Moreover, it is worth mentioning that these results agree with the work of Dopp et al. 5) on measured nodule counts and DT m s. In particular, notice from Fig. 3 that the experimental results are closely located to the curves predicted using the theoretical analysis. Hence, Eqs. (6) and (7) show that under a constant wall thickness, s, as N or N n , decrease, DT m increases.
N s and b Nucleation Coefficients
The experimental outcome given in Tables 3 and 6 is plotted in Fig. 4 . Considering this data and taking into account the expression for heterogeneous nucleation (Eq. as well as using Eqs. (4) and (5) for determining the corresponding N nuc ϭN or N n values, the nucleation coefficients, N s and b can be obtained from statistical methods (see Table 7 ). Notice that in these calculations the correlation coefficients are relatively high (Table 7 ). In addition, from Table 7 it is apparent that the nucleation coefficients N s and b in Eq. time dependent. Accordingly, from the data given in Table  7 , the inoculation effect can be inferred by the changes in cell count N F as a function of the time t a from the instant in which the inoculant was introduced into the melt. Moreover, it is found that after 25 min, the observed changes in N F are negligible and this time t r can be considered as a ref- Table 7 . Table 7 . Nucleation coefficients.
compared with the published results of Mampaey 4) (see Fig.  8 ). Notice once again a good agreement as inferred by the high correlation coefficient of 0.98.
From Table 7 , in all of the different melts investigated (different chemical composition and metallurgical treatment and in consequence liquid melts with different substrate size distributions) it is not surprising the fact that the exhibited N s and b for a given melt are different. Yet, in each case N or N n are an exponential function of DT m that is well described by Eq. (13), thus confirming that Eq. (13) is in good agreement with the experimental outcome.
Eutectic Cell and Nodule Count
In part I of this work analytical expressions (Eqs. (10) and (13), part I) were derived that enable the determinations of volumetric eutectic cell, N or nodule count, N n . These equations can be rewritten as Equations (17) and (19) can be employed for determinations of nodule count when DT m is not known. However, in this case the data on N s and b for a given cast iron needs to be available. Determinations based on Eqs. (4), (5) and (12), (17)- (20) after taking into account N s and b (Table 7) , average chemical composition (Tables 2 and 5) , as well as data from Table 1 , part I (see Fig. 7 ) reveals good agreement between the experimental outcome and the predictions of the proposed theoretical analysis. Figure 8 shows some examples on the variation of N F and DT m with t d for flake graphite cast iron of sϭ16 mm and a T i ϭ1 240°C. Notice from these figures that prolonged bath holding times lead to a reduction in N while increasing DT m . An explanation for this behaviour can be found by considering Eqs. (17) and (18), which clearly show that N increases and DT m decreases as b decreases and N s increases. In addition, Fig. 6 shows that extended times after inoculation leads to a reduction in N s , and an increase in b. However, the effect on lowering N s is dominant, in agreement with the experimental outcome. (4), (5) and (17)- (20). (4), (12) and (15)- (17).
in the work of Dopp et al. 5) In addition, cooling curves are also given so it is possible to identify the temperatures T i ϭ1 200°C and T i ϭ1 220°C for wall thicknesses of 10 mm and 15 mm, respectively. From this data, the nucleation parameters (N s , b) can be estimated by considered the following:
1. From Fig. 9 , two point coordinates were calculated, (N n,F,10 , s 10 ) and (N n,F,15 , s 15 ) for each amount m i of inoculant, where N n,F,10 , N n,F,15 are the nodule counts for wall thickness s 10 and s 15 (that is, 10 and 15 mm).
2. Known N n,F,10 and N n,F,15 values were converted into N n,10 and N n,15 using Eq. (5).
3. Numerical methods were used to solve the system of equations given below: After taking into account the data from Table 1 , part I of this work, a numerical † solution to the above equations, yields the N s and b magnitudes for each amount of inoculant (see Table 8 ). Moreover, by considering the estimated nucleation coefficients given in Table 8 and using Table 1 , part I of this work, N n,F was estimated and graphically plotted in Fig. 9 (continuous lines), finding good agreement with the experimental outcome. Figure 11 shows the experimental results of Fig. 9 as a function of the amount of inoculant, m i for a plate with a wall thickness, sϭ15 mm. Considering the nucleation parameters N s and b given by Eqs. (24) and (25), the chemical composition for the cast irons (Table 8) , selected thermophysical data ( Table 1 , part I of this work) and Eqs. (5), (12) , (19) and (20), the effect of m i on the nodule count, N n,F was estimated. The results from these calculations are shown in Fig. 11 (continuous line) and they indicate once again that that the experimental results are in general close to the theoretical predictions.
Therefore, it is in general possible to develop a base with experimental data, which can then be used to find various correlations. Among others, not only to correlate N s and b values, with the amount of inoculant and the time after inoculation, but also with the chemical composition of the bath, the type of spheroidization and inoculation agent, superheating temperature and bath holding times. (5), (12), (19), (20), (24) and (25).
Conclusions
